Experiments are performed as described in Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 2nd ed.).
GUS histochemical staining and GUS activity quantitative analysis
GUS histochemical staining were carried out as described [14] , rice tissue samples were carefully sectioned into slices and incubated in ice-cold PBS. The slices were embedded in the GUS assay buffer and incubated at 37 ℃ for 8-12 h. Pigments were extracted from stained tissues with methanol : acetone reagent (3:1) regeant. After extensive washing with PBS, the slices were stored in 50% glycerol (V/V) until photo documentation. GUS activity quantitative analysis was carried out as reported previously [15] .
Rice transformation
Agrobacterium tumefaciens mediated transformation and regeneration of rice was performed as described previously [16] .
RT-PCR
3 μg total RNA (as RT-template) and 5 u/ml AMV reverse transcriptase XL were used. RT-PCR was performed according to the method described in mRNA selective RT-PCR kit (TaKaRa Inc.), and the following program was adopted with primers TSS1/TSS3 or TSS2/TSS3: 45 ℃ 30 min, 1 cycle; 85 ℃ 1 min, 58 ℃ 1 min, 72 ℃ 40 s, 30 cycles. Primers in use were:
TSS1: 5′-CTATTTACCACTCCCGCGTCGC -3′; TSS2: 5′-ACGTCTCTCCCGCAGAAAGAAG-3′; TSS3: 5′-GAAAACGAAGGTACTGCCTTCG -3′. The RT-PCR products were then analyzed by Southern blot.
Results

Transcription starting site of OsEBP-89 gene
Our previous work predicted that the transcription starting site (TSS) of OsEBP-89 gene was located in position +1 [ Fig. 1(A) ] based on the mRNA molecular weight and software analysis. To confirm whether this position was the TSS, TSS1, TSS2 and TSS3 primers were designed (Fig. 1) . Total RNA was extracted and mRNA selective RT-PCR was carried out. The RT-PCR results showed a 307 bp specific amplified fragment using primers TSS2 and TSS3, but not TSS1 and TSS3. The plasmid containing the genomic sequence was used as PCR template for positive control and the specific amplified fragment was also detected. The PCR products were transferred to the nylon membranes and Southern blotting was carried out using OsEBP-89 gene cDNA as probe [ Fig. 1(B) ]. The results indicated that the TSS location predicted previously was right. 
Northern blot of OsEBP-89 gene
To detect the OsEBP-89 expression pattern, total RNA was extracted and Northern blot was carried out ( Fig. 2) . The results showed that OsEBP-89 gene expressed in root, root and stem transition region (RST), leaf sheaths and leaves in young seedlings 10 days after germination. OsEBP-89 transcripts were also detected in node, internode, pedicel, young ears, young flowers, embryo and endosperm of rice seeds 12-15 DAP (day after pollination), but OsEBP-89 gene expression was relatively lower in leaves, young ears and young flowers.
GUS expressional analysis of transgenic plants harboring pNSG
GUS activity was detected mainly in intercalary meristem, RST and endosperm in pNSG (OsEBP-89/ GUS, Fig. 3 ) transgenic rice plants [12] . To know more information about OsEBP-89 expression pattern and function, we studied the temporal and spatial pattern of GUS expression in pNSG transgenic plants.
The results of GUS histochemical assay showed OsEBP-89 expression in RST in seedlings 3, 5 and 10 days after seed germination [ Fig. 4(A) , (B) and (C)]. To evaluate the GUS activity in root, RST and leaf, these tissues were sampled from 10-day seedlings for GUS activity quantitative assay. The data showed that the GUS expression level varied very little between roots and RST, but was higher than in leaf for about 2.5-3 folds [ Fig. 6 (1) ]. During all the stages of vegetable growth, GUS was detected in bundles of node region [ Fig. 4(D) and (E)] and in the basal part of adventitious root, RST, basal part of leaf sheath and pedicel. GUS staining was found in the phloem part of the vascular bundles but not in the xylem [ Fig. 4(D) , (O) and (P)]. We also found an interesting phenomenon: the phloem tissues nearer to the RST or node were more easily detected by GUS staining GUS expression was observed in transgenic rice endosperm by Yang et al. [12] . To understand expression variations of OsEBP-89 gene during the seed maturation, 5-7 seeds with different DAP were obtained and GUS activity in each seed was quantitatively analyzed. The results showed that GUS expression began at 3 DAP and reached the highest level at 6 DAP, then decreased. After 20 DAP, the expression level changed very little (Fig. 5) .
GUS expressional analysis of transgenic plants harboring several promoter deletion structures
To identify which region in OsEBP-89 promoter affects the gene expression, promoter deletion reporter plasmids pPSG, pSphSG, pRSG, pHSG, pNRG and pΔNRG were constructed (Fig. 3) .
The rice was transformed by the plasmids using Agrobacterium tumefaciens mediated method. GUS staining was detected in calli, RST and endosperm of relevant pNSG, pPSG, pSphSG and pRSG transgenic rices, but not in pHSG, pNRG and pΔNRG transgenic rices (Fig. 6 ). When these samples were incubated longer in GUS assay buffer at 37 ℃ , GUS staining was observed in a small part of the pHSG and pΔNRG transgenic plants but not in pNRG transgenic plants (data not shown). The GUS activities in roots, RST and leaves from all the transgenic seedlings were quantitatively analyzed. The results indicated that some upstream elements from RsaI might affect the level but they have no effect in tissue-specific expression of OsEBP-89 gene. The RH fragment (-279 to -97) might play an important role in OsEBP-89 gene expression because the deletion of this fragment caused obvious changes in the gene expression.
Discussion
Some transcription factor expressed in different tissues and organs might harmonize the plant development process. This situation makes it possible to regulate different target genes by interacting with different transcription factors. For example, Finkelstein et al. [17] reported an EREBP transcription factor gene, ABI4, expressed highly in legumens and weakly in flowers, leaf buds and seedlings in Arabidopsis thaliana. He deduced that ABI4 might have functions in all the vegetable and generative tissues. Os-EBP-89 is also an EREBP transcription factor gene cloned by yeast one hybrid system in rice cDNA expression library. Our results showed that OsEBP-89 gene was expressed not only in endosperm but also in the phloem of vascular . R, root; Co, coleoptile; RST, root and stem transition region; LS, leave sheath; Vt, vascular tissue; N, node; In, internode; Pc, pith cavity; At, anther; Ov, ovary; Fi, filament; E, embryo; Em, endosperm; Sc, sacutellum; AR, adventitious root; Bu, bundles; P, phloem; X, xylem; Pi, pith; V, vascule; Pa, parenchyma; A, aerenchyma; Ac, air cavity; C, collenchyma. bundles, and the expression level was higher in tissues nearer to the RST, node and intercalary meristem. We inferred that OsEBP-89 gene might have important functions in starch accumulating of endosperm cells and rice stem tissues. Raskin and Kende [18] reported deepwater rice could grow out of the flood submergence quickly. The stem elongation was caused by the endogenesis ethylene, which stimulated the cell division of intercalary meristem of the stem. It was reported that EREBP transcription factors could be induced by ethylene [4] and our previous work also showed OsEBP-89 gene expression could be induced by ethylene [12] . We deduced that the OsEBP-89 gene might have functions in water stress. During the development of ovary, ovarian wall changed into pericarp, and it had been reported that there is a circle vascular bundle was embedded within the pericarp of rice. Assimilate was transported though a structure, named SE-CC-PS (sieve element-companion cells-pigment strand), to aleuronic cells via phloem tissue of the vascular bundles.
The nutrition was then transported into the endosperm to help the development of seeds [19, 20] . We knew that OsEBP-89 gene was expressed mainly in the endosperm and phloem. We believe that the OsEBP-89 gene may have functions in rice seed development by regulating the phloem mediated transportation of assimilates.
Our research results showed that the promoter region of OsEBP-89 gene was involved in the phloem specific expression. The promoter deletion assay indicated the RH fragment (-279 to -97) might play an important role in OsEBP-89 gene expression. We analyzed the sequence within the RH fragment by computer-based comparison and did find several elements which were reported to be involved in the phloem-specific expression, including CCA/ TTG repeat (-195 to -185, ACCTGCAACC; -182 to -170, ACCAACTTTTGCCA) [21] , ASL box [-160 to -150, GCAAC(N) 6 GCAGA ] and GATA motif (-111 to -100, GATCGGGAGATA) [22] . These elements were all located in RH fragment which was consistent with that of our previous experiments. However, further work was needed to evaluate these possibilities. Each three columns group indicates the mean activity of roots, RST and leaves respectively, the bar shows the standard deviation.1, pNSG; 2, pPSG; 3, pSphSG;
4, pRSG 5, pHSG; 6, pNRG; 7, pΔNRG.
Fig. 5 GUS activity in rice seeds harboring plasmid pNSG during maturation
The transgenic line code is pNSG-5 (1). DAP, days after pollination; each column indicates the mean activity and the bar shows the standard deviation.
